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Engine Hot Idle Abnormal Noise Improved by Chain Tensioner Development
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Abstract : The engine timing chain system uses chains to transfer power from the engine crankshaft to the
camshafts, and control engine timing. Hydraulic tensioners are normally applied for the proper operation of the
chain system. In addition, it is controlled by hydraulic forces using engine oil and mechanical force from the
spring. Recently, new technologies have been applied to the engine valve train in order to increase engine power
and improve fuel efficiency. It also causes engine crank torsional vibration and cam torque increase, thus affecting
stable chain motion and resulting in abnormal engine noise and vibration. Although timing chain system components
are not the main cause for abnormal NVH, it was improved through the development of new hydraulic tensioners.
Through this paper, we would like to explain the correlation between tensioner flow control factor and abnormal
NVH. Furthermore, a new tensioner specification will be introduced for the improvement of engine abnormal noise.

Key words : Timing chain system(E}°]* A <17]), Hydraulic tensioner(+%2 ®1A4\), Hydraulic force(+% =),
Mechanical force(”] A% 7-%2), Flow control factor(+-% A <14}), Abnormal NVH(H| A4 &S %)

Nomenclature L. M2
f : oil flow, cc/s Elo]w A<l A|2~Ele A9 'Y, A 27 by
W :width, mm o 9 AQrbel = RFO R FAFlo] Alzle] A &
d  :depth, mm 37 Fo] BHe Aeeha Az Eelw L Alof gk, 7
VCT : variable cam timing 2, 5838 7107 2 A Ao 2 g5lo] &)
PRV : pressure relief valve 2wy B o] JHE ) g =3 7 o] 3 AL
PBC : tensioner piston-bore clearance 29210 HEE A3} A AES TAGE 2 BT
HPC : tensioner high pressure chamfer ol ol By = GA3 7712 By R JEE Y
NVH : noise, vibration, and harshness ot B 7F 2 Aed) g @ el ety
F : chain tension, N 2 E o] L3l §deEyl AxYo] JAE FEHo R A
P : HPC pressure, MPa o] =S Aojal= gkl B = Y Iy
oF FEFxds ol A9 dES s shEn
Subscripts 2 e aart 2gEo] AR FEEE 290
M  :main oil flow FHA A & o] &35t 25
L  :leakage oil flow Fig. 1-& dnkA el A9 Al ~8lo] 1418 %3 3o} A
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Fig. 1 Configuration of the timing chain system
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Fig. 3 Diagram of oil flow in hydraulic tensioner

3. PRV 2 Vent Disk

=gk vpel o] f-914] 'RM ] AhgeluiA] L
Ql e & xAste] A9l Al=Flo] A8-5]= <zl &
el AAeHA Alojsh= WEE WY 73(Tuning)©]
2}l FEo) 'Y Fde Ao s My ujio
2kS 9 Yo Mo 7 A MY ek T
WA dAqY vky A9 9 2E 9] o] X]Atol
£ 3 BAE 2Es5te oY TAES 24-she W
ot}. o] EAjE pRIFLoglal F2iyg) ¥d BEol |l
MUY vy Bojel 9 2~E oA 9] 7kl F gk b
o] ZAsle] o] 7+FS FAE = WA o 7= AWl
A 7d S shr]ell= g AI7F Sl o] WAl 7l st
7] $18ke] Ml E t] 2= (Vent disk) 2 7H¢hE B 7} 7ty
AL, o] F-FS 3l MY 9k o] mAlg =4 o] 7

510] Q7 7ol 248 WA Fgel st
Fig. 41 W= )29} g4 o] P48 Lehd 2
5] frize] Zlo], Lul % Aolo] ol te] Wl
Uel e FaEe 2ER 429 A5 L FYL
cheFstl WAse] ole] FRel ME UsAE A2
& glom olF WA AUl e 24F
# AR 598 5 ek 9

O
e

of Q1 g7gel 2 ul
E Yz 09w ol @AY e helo] u}
o AR oz wakshy] el feAele] WA}
gtk A A9 FLFohst A NS BHow o)
D5 AAANA A AR AZ JFL F
23 B 0B 27} FAE0} AAAFE F
o A Ao & WAL el B e el FrhE ek

(a) Vent Disk

(b) PRV
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(a) Analysis for engine noise test result

F[N]

BAD

Vibration vs. Tension and HPC

Good
Vibration Subjective Rating

®  Tension [N]
®  HPC Pressure [MFPa]

-
in

P [MPa]

(b) Analysis for engine vibration test result

Fig. 6 NVH testing result with chain tension and HPC

pressure
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Table 1 Spring specification for NVH improvement

Spring force Before After Chain tension
New chain condition 80N 114N Min. 50N
Worn chain condition 58N 80N increased
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(a) Tortuous path (b) Section of path

Fig. 8 Oil path on PRV vent cap
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